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Background: Fitness and physical activity are important for cardiovascular and mental health but activity and
fitness levels are declining especially in adolescents and among girls. This study examines clustering of factors
associated with low fitness in adolescents in order to best target public health interventions for young people.
Methods: 1147 children were assessed for fitness, had blood samples, anthropometric measures and all data were
linked with routine electronic data to examine educational achievement, deprivation and health service usage.
Factors associated with fitness were examined using logistic regression, conditional trees and data mining cluster
analysis. Focus groups were conducted with children in a deprived school to examine barriers and facilitators to
activity for children in a deprived community.
Results: Unfit adolescents are more likely to be deprived, female, have obesity in the family and not achieve in
education. There were 3 main clusters for risk of future heart disease/diabetes (high cholesterol/insulin); children at
low risk (not obese, fit, achieving in education), children ‘visibly at risk’ (overweight, unfit, many hospital/GP visits)
and ‘invisibly at risk’ (unfit but not overweight, failing in academic achievement). Qualitative findings show barriers
to physical activity include cost, poor access to activity, lack of core physical literacy skills and limited family
support.
Conclusions: Low fitness in the non-obese child can reveal a hidden group who have high risk factors for heart
disease and diabetes but may not be identified as they are normal weight. In deprived communities low fitness
is associated with non-achievement in education but in non-deprived communities low fitness is associated
with female gender. Interventions need to target deprived families and schools in deprived areas with community
wide campaigns.
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Fitness and physical activity are important for health,
growth and development during childhood and adoles-
cence [1,2]. Adolescence is a critical period for the ac-
quisition of health-related behaviours and behaviours
learned in childhood are known to track into adulthood
[3,4]. However, physical inactivity is now a major public
health problem reportedly responsible for 9% of prema-
ture mortality worldwide in 2008 [2]. Despite the health
benefits of physical activity [5] there has been evidence
of decreasing levels in recent decades [6,7]. Likewise,* Correspondence: s.brophy@swansea.ac.uk
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reproduction in any medium, provided the orevidence shows that fitness has been declining over recent
decades [8]. Poor fitness is associated with increased risk
of cardiovascular disease in children [9,10]. Despite a
growing emphasis on the importance of physical activity
and physical fitness in childhood and adolescence, factors
promoting fitness remain unclear. Physical activity is a
multi-factorial behaviour influenced by psychological,
social, environmental and demographic variables. The
prevalence of adolescents not meeting the current phys-
ical activity guidelines has been estimated at 80.3% [11].
Research to date has shown that socio-economically de-
prived, ethnic minority children and girls have lower phys-
ical activity rates [7,12] and that activity declines with age
[13,14]. Active travel to school and opportunities forl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited.
Charlton et al. BMC Public Health 2014, 14:764 Page 2 of 10
http://www.biomedcentral.com/1471-2458/14/764physically active play are declining [13,15] and sedentary
activities are increasing [16].
Given strong evidence of fitness as a critical marker of
adolescent and adult health [17], it is desirable to formu-
late effective and timely preventive strategies starting
early in life. To achieve this, we need first to identify
those factors associated with fitness during adolescence.
The aim of this paper is to examine clustering of risk
factors in order to highlight where public health inter-
ventions might be most effective and to explore the
barriers to activity among teenagers from a deprived
background so that public health intervention can be
targeted to address these barriers.
Methods
The detailed methods of this cross sectional survey have
previously been described in a protocol paper and preva-
lence paper [7,18].
Recruitment and data collection
The study population was recruited from ten schools in
south Wales (UK). Schools were selected according to
deprivation of the catchment area in that half were se-
lected as being in deprived areas (in order of most de-
prived selected first) and half as having a non deprived
catchment (largest schools selected first). All children in
years 7 and 8 (i.e. aged 11 to 13 years) were eligible.
Data collection occurred during the school year 2009/10.
All testing procedures took place on school premises,
and during allocated physical education lessons. The
data collected included; demographic data, anthropo-
metric and physiological data such as blood samples for
fasting lipids and glucose, physical activity and dietary
intake. In addition, children and parents completed a
questionnaire detailing family history of diseases, paren-
tal BMI, birth weight and general health.
Fitness
Aerobic fitness was measured using the 20 metre multi
stage fitness test (20MSFT) [19], an incremental running
test that has proven to be a valid and reliable method of
assessing aerobic fitness in young people. Children were
classed as unfit if they performed less than level 6.8 (49
shuttles) for boys, and less than level 4.5 (27 shuttles)
for girls [20]. The 20MSFT is used routinely in physical
education lessions in schools so all the children (partici-
pants and non-participants) had fitness assessment as
part of their routine school day.
Anthropometric and physiological data
Anthropometric data collected included stature, body
mass (BMI – Body mass index), skinfold thickness, neck,
waist and hip circumference, and blood pressure. Body
weight was recorded to the nearest 0.1 kg using calibratedelectronic weighing scales (Seca 770, Digital Scales,
Seca Ltd, Birmingham, UK). Stature was measured
using a portable stadiometer (Seca Stadiometer, Seca
Ltd, Birmingham, UK). Body mass index (BMI) was
calculated using the BMI formula of dividing the par-
ticipants’ weight by their height squaredand partici-
pants were categorised as overweight or obese as defined
by the International Obesity Task Force (IOTF) age and
sex specific cut-offs for BMI [21]. Systolic and diastolic
blood pressure (BP) were measured using an Omron
M6 automatic BP monitor (Omron Healthcare UK Ltd,
Milton Keynes, UK). Blood-pressure was recorded three
times, with the average of the second and third reading re-
corded for data analysis. Children were classified as having
high blood pressure if the Systolic was >130 mm Hg or
the diastolic was >85 mm Hg [22,23].
Measures of deprivation and ethnicity
The school was asked to complete a form providing in-
formation on the number of children receiving free
school meals, thus identifying the deprivation level of
the school [24]. Free school meals are allocated to pupils
based on family income levels and are a marker of the
individual child’s deprivation level. Schools were classi-
fied as being situated in a deprived catchment area if
more than 21% of the school children were eligible to re-
ceive free school meals. This is an arbitrary cut off based
on being above the Welsh average of 15% (95% CI:
14.8%- 15.2%) of secondary school children being eligible
for free school meals [25]. The deprived schools also
scored highly on the Multiple Index of Deprivation [26],
a measure based on levels of child poverty, unemploy-
ment, health deprivation and disability. The school re-
cords were used to identify the free school meal
eligibility for each child and this was used as a marker
for individual child deprivation level. Therefore, we
had an assessment of the deprivation level of the
school based on the proportion of children in the
school recieving free school meals, and we have an as-
sessment of the individual childs deprivation based on
their person eligablity for free school meals. Each child
was also asked to self report their ethnicity.
Lipids and lipoproteins
Venous blood samples were taken from each consenting
participant. These were taken first thing in the morning
whilst the children were in a fasted state. Blood samples
were taken by qualified phlebotomists, with a nurse or
doctor present at all times. Blood samples were analysed
for fasting levels of glucose, insulin, lipids, high molecu-
lar weight adiponectin and high sensitivity C-reactive
protein (CRP). Age and gender specific cut off points
proposed by the International Diabetes Federation (IDF)
[27] were used for the biochemical risk factors of high
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protein cholesterol (<1.03 mmol/L), total cholesterol/High
density lipoprotein ratio of >4, and elevated blood glucose
(≥5.6 mmol/L) [27,28].
Questionnaire on family health
Parents and children were asked to complete a question-
naire regarding family history of conditions, parents’
height and weight, and ethnic background. However, this
questionnaire was only introduced after the first 4
schools had been recruited and participated. Therefore,
not all children and parents were given this background
questionnaire.
Ethical approval
Ethics approval for this study was granted by the Local
NHS Research Ethics Committee - Dyfed Powys REC.
Written parent and child consent was gained for each
participant.
Routine data
The results of the health survey were linked with elec-
tronic records of the National Child Health Database,
educational records, GP visits and vaccinations, and at-
tendance at the emergency department. This was done
through the a Secure Anoynimised linkage system
[29,30]. The National Child Health Database provides
information from pregnancy and birth such as birth
weight, gestational age, mothers smoking status (in preg-
nancy), and vaccinations. The educational records pro-
vides information about formally assessed tests such as
the Key stage achievement tests. These assess the level
of achievment in English, Maths, and other core subjects
and assesses if the child has reached the recommended
level for their age. Key stage 1 is assessed at age 7–8
years, key stage 2 is at 10–11 years and Key stage 3 is at
age 14–15. The GP and attendance at emergency depart-
ments are recorded as date of attendence and code asso-
ciated with that attendence (e.g. diagnosis, medication,
symptom, procedure etc.).
Focus groups
Qualitative analysis using four focus groups were held
between January and June 2012 with 20 children (aged
13–14, 2 groups of girls (n = 10) and 2 groups of boys
(n = 10)) who were classified as deprived and who
attended a deprived school Sampling was purposeful to
ensure equal numbers of boys and girls were included.
Of groups eligible, the children were chosen at random
and parental consent was obtained. Groups were run
within school during school time and lasted 1 hour. Chil-
dren were asked about their physical activity and perceived
barriers to and motivators for engagement in activity. All
focus groups were tape recorded with permission andtranscribed verbatim. Two researchers were present at
each group (DC & SB or DC & RH). In addition, one re-
searcher (DC) ran face-to-face interviews with two teachers
from one school, namely the Physical Education teacher
and the Head of Year for Year 9 (age 13–14). Interviews
were conducted on the school premises during the lunch
time break. The focus groups and interviews followed a
semi-structured format with a grounded theory approach.
Each transcript was coded independently by two members
of the research team to develop an agreed coding frame
which was refined through discussion.
Statistical analysis
Predicting Fitness
Two different methods were used to examine factors as-
sociated with fitness; 1. Logistic regression - Each vari-
able was analysed individually using univariate analysis,
then all significant variables were combined in a mutu-
ally adjusted model (i.e. each variable adjusted for the
others). R was used for all analysis and school level vari-
ation was adjusted for as a random effect. Therefore,
confidence intervals presented represent adjustment for
school level variation. 2. Conditional Trees - An auto-
mated approach was used to produce a conditional tree
to predict fitness. At each node, the data was split ac-
cording to the most significant variable, and each node
was conditional on the node before.
Sensitivity analysis
To examine the effect of missing data, multiple imput-
ation was performed in R using the package mice (Mul-
tiple Imputations by Chained Equations), which generates
multiple imputations by Gibbs sampling.
Fitness/Weight
Data was stratified into four categories of 1. ‘Normal fit-
ness, Normal weight’, 2. ‘Normal fitness/Overweight’, 3.
‘Unfit/Normal weight’, 4. ‘Unfit/Overweight’, and descrip-
tive statistics were presented for all explanatory variables.
Cluster Analysis to examine clustering of fitness and weight
Intelligent Miner (IM) was used to undertake the cluster
analysis as this tool provides fast and natural clustering
of very large databases.
Results
The detailed demographic details of the children partici-
pating in the health survey have previously been pub-
lished [7]. However, of 3029 children invited, 1147 (38%)
participated in the study. Of these (490 male; 657 fe-
male) a third were overweight, 1 in 6 had elevated blood
pressure, more than 1 in 10 had high cholesterol, 58%
consumed more fat than recommended. Of the 881
children tested for fitness, 328 were unfit, giving a
Table 1 Factors associated with being unfit – all variables
examined (univariable analysis)
Variables Unfit (n = 328) Fit (n = 553) Odds (95% CI)
Fitness Predictors
Deprived/Affluent* 51.8% 30.6% 2.44 (1.82, 3.28)
Female Gender* 52.8% 36.1% 1.98 (1.48, 2.65)
Ethnic Group 14.4% 10.8% 1.39 (0.80, 2.40)
Birth Weight 3.47 3.44 1.11 (0.87, 1.41)
Illness Affecting Exercise 12.6% 8.2% 1.62 (0.95, 2.81)
Receiving Medical
Treatment
13.8% 11.9% 1.19 (0.73, 1.94)
Heart Disease In Family 40.7% 38.7% 1.08 (0.74, 1.59)
Diabetes In Family 46.2% 40.7% 1.25 (0.85, 1.83)
Stroke In Family 25.3% 19.4% 1.40 (0.88, 2.24)
High Bp In Family* 59.7% 49.1% 1.54 (1.07, 2.22)
High Chol In Family 42.3% 36.5% 1.27 (0.87, 1.86)
Smoker In Family 47.4% 45.6% 1.08 (0.75, 1.54)
Mother Obese* 20.3% 12.3% 1.81 (1.13, 2.92)
Father Obese 26.7% 22.3% 1.27 (0.83, 1.93)
Child obese 30.3% 8.07% 4.96 (3.36, 7.32)
Vaccination 48.8% 55.4% 0.77 (0.58, 1.02)
FSM Eligible* 28.0% 18.8% 1.67 (1.01, 2.78)
KS1 Test* 78.3% 93.5% 0.25 (0.12, 0.48)
KS2 Test* 75.5% 88.4% 0.41 (0.27, 0.60)
KS3 Test 75.0% 80.1% 0.75 (0.33, 1.79)
Large for Gest Age 24.2% 21.0% 1.20 (0.85, 1.69)
Large 6 m – 12 m* 22.5% 14.0% 1.78 (1.01, 3.15)
Large 12 m – 5 y* 21.2% 7.7% 3.23 (1.74, 6.22)
Health Outcomes
High BP 12.2% 9.1% 1.37 (0.86, 2.18)
High chol* 16.5% 10.1% 1.76 (1.11, 2.76)
Triglyceride* 0.87 0.69 3.72 (2.34, 6.03)
High Chol:HDLChol
Ratio*
9.2% 2.1% 4.67 (2.11, 11.09)
High glucose 3.6% 3.2% 1.11 (0.43, 2.67)
Fasting insulin* 11.52 8.32 1.09 (1.05, 1.13)
CRP 1.24 1.07 1.08 (0.97, 1.20)
Adiponectin 3,878 3,768 1.00 (1.00, 1.00)
Asthma 12.7% 9.2% 1.44 (0.91, 2.26)
Infection 24.7% 23.7% 1.06 (0.76, 1.47)
Tonsillitis 19.7% 22.4% 0.85 (0.60, 1.21)
Mean Visit gp 53.38 49.05 1.00 (1.00, 1.01)
Mean Visit out 2.9 3.32 0.99 (0.96, 1.01)
Mean Visit in 1.26 1.00 1.05 (0.99, 1.14)
Mean Visit ae major 0.37 0.38 0.99 (0.83, 1.17)
Mean Visit ae minor 0.04 0.07 0.74 (0.42, 1.16)
(*denotes difference using 95% CI).
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40%, n = 328/881).
Those who participated were comparable to non-
participants in terms of cardiovascular fitness as mea-
sured by the 20 MSFT (class average level (e.g. average
of all children) 5.8 compared to sample average level
6.1). Eleven schools were approached to participate in
the study, with one school in a deprived area declining
as they did not want to be involved in research. There-
fore, 90% of schools approached participated in the re-
search (5 from affluent and 5 from deprived catchement
areas). Of the 1147 participating children, 918 (81%)
undertook blood sampling; in terms of BMI, there was
no difference between those giving blood samples
(20.58 kg/m2 (stdev: 3.81)) and those who did not
(20.38 kg/m2 (stdev: 4.24)). There were 84 (7%) chil-
dren who were of ethnic minority background and 352
(31%) who were overweight or obese. A higher propor-
tion of those in deprived catchment areas did not re-
turn a parental assent form and therefore could not
participate in the study.
Predicting fitness
Factors associated with unfit/fit are presented in Table 1.
Those factors associated with being unfit were entered
into a logistic regression model. Deprived catchment
area for school (Odds ratio: 2.4 (95% CI: 1.82, 3.28)), fe-
male gender (OR: 1.98 (95% CI: 1.48, 2.65)), mother
obese (OR: 1.81(95% CI: 1.13,2.92)), not achieving Key
Stage 1 (KS1, age 7–8) (OR: 4.00 (95% CI: 2.08, 8.33)),
not achieving Key Stage 2 (KS2, age 10–11) (OR 2.44
(95% CI: 1.67, 3.70)) and large in weight in the first
5 years of life (OR: 3.23 (95% CI: 1.74, 6.22)) were all in-
dependently associated with being unfit (adjusted for
school level variation, n = 822). Poor fitness was associ-
ated with metabolic related risk factors including higher
cholesterol (16.5% compared to 10.1%, unfit vs fit re-
spectively), triglyceride (0.87 compared to 0.6, unfit vs fit
respectively), cholesterol ratio (9.2% compared to 2.1%,
unfit vs fit respectively) and higher fasting insulin (11.52
compared to 8.32, unfit vs fit respectively).
The conditional tree approach (Figure 1) highlighted
Deprivation, Gender, and Education as predictors of fit-
ness. Children in deprived areas who do not achieve their
Key stage 1 (age 7–8) were very likely to be unfit at age
11. In non-deprived areas, girls were more likely than boys
to be unfit. In non-deprived areas, boys who do not
achieve Key Stage 2 (age 10–11) were less likelty to be fit.
However, non-deprived girls were more likely to be fit
than the children (boys and girls) in a deprived area.
Sensitivity
Multiple imputations showed no change in findings.
Checking for the effect of the missing data, we found
Figure 1 Conditional Tree. Percentages are proportion of unfit children in any given node and n is number of children in the node.
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the p-values of the models before multiple imputations.Fitness and weight
Descriptive statistics (Table 2) showed that children who
were overweight, even if they were fit, were more likely
to have high blood pressure, high HDL/LDL cholesterol
ratio, and an obese mother, and to be large in weight at
6 months to 12 months, and at 12 months to 5 years
(compared to children who were not overweight). Girls
were more likely to be unfit but not overweight.
Data mining cluster analysis using the IM’s cluster op-
erator suggests that there were 3 clusters for risk of fu-
ture diabetes or heart disease (Table 3). The first cluster
(829/1070, 77% of children) is a ‘low risk’ category where
children are not obese, are fit, have normal blood test re-
sults (low triglyerides, CRP, fasting insulin, cholesterol),
low infection and tonsillitis rates, and average number of
GP visits. The second cluster (175/1070, 16% of chil-
dren) is an ‘invisible at risk’ category where children are
not obese but are unfit, have higher blood markers espe-
cially fasting insulin, higher triglycerides, CRP choles-
terol, higher blood pressure, fasting glucose, and less
likely to achieve academically especially at age 14 (Key
stage 3). The third cluster (66/1070, 6% of children) is a
‘visibly at risk’ category where children are obese and
unfit, and have high blood markers (high trigyceride,CRP), more infections, tonsillitis, vaccinations and more
GP visits, and lower educational achievement.
Qualitative findings
Five main themes regarding engagement in physical ac-
tivity among deprived children were identified from ana-
lysis of the focus groups, namely: cost, accessibility, self
confidence, parental support, and a general apathy to-
wards physical activity.
Cost
Providing basics such as school uniform and other essen-
tials is a struggle for some deprived families and this
makes it difficult for children to ask for extra non-
essentials such as attending activities. The teenagers par-
ticipating in focus groups did not have disposable income
and this meant value for money was very important.
“my mum struggles quite a bit to get me stuff” – Girl
Accessibility
Most activities such as the skateboard park, climbing wall
and the leisure centre are not situated in deprived areas
and so will require a car or transport to get to and from
the activity. Thus, is can be complicated and expensive to
get to the activity. In addition, access to activites was made
more difficut when they needed prior booking, some were
Table 2 Demographic characteristics of groups stratified according to fitness and weight category
Variable Fit Recommended
weight (N = 586)
Fit Overweight
(N = 185)
Un-Fit Recommended
weight (N = 155)
Un-Fit Overweight
(N = 144)
Proportion Deprived/Affluent (45.5%
(95% CI: 42.5%, 48.5%))
41.0% (37.0%, 45.0%) 49.7% (42.5%, 56.9%) 51.0% (43.1%, 58.9%) 52.8% (44.6%, 61.0%)
Proportion female (41.7% (95%
CI: 38.7%, 44.7%))
38.4% (34.5%, 42.3%) 34.1% (27.3%, 40.9%) 60.0% (52.3%, 67.7%)* 45.1% (37.0%, 53.2%)
Mean Birth Weight (3.5 kg (95% CI: 2.8, 4.0)) 3.4 (2.8, 4.0) 3.5 (2.8, 4.2) 3.4 (2.8, 4.0) 3.5 (2.9, 4.2)
Proportion Illness Affecting Exercise (10.5%
(95% CI: 8.7%, 12.3%))
8.2% (6.0%, 10.4%) 13.7% (8.7%, 18.7%) 11.0% (6.1%, 15.9%) 14.5% (8.7%, 20.3%)
Proportion Receiving Medical Treatment (13.0%
(95% CI: 11.0%, 15.0%))
10.8% (8.3%, 13.3%) 18.6% (13.0%, 24.2%) 10.4% (5.6%, 15.2%) 18.1% (11.8%, 24.4%)
Proportion Heart Disease in Family (40.8%
(95% CI: 37.9%, 43.7%))
40.6% (36.6%, 44.6%) 41.9% (34.8%, 49.0%) 38.9% (31.2%, 46.6%) 43.2% (35.1%, 51.3%)
Proportion Diabetes in Family (45.0% (95% CI:
42.0%, 48.0%))
44.2% (40.2%, 48.2%) 45.3% (38.1%, 52.5%) 44.8% (37.0%, 52.6%) 48.1% (39.9%, 56.3%)
Proportion Stroke In Family (23.5% (95% CI:
21.0%, 26.0%))
22.9% (19.5%, 26.3%) 21.2% (15.3%, 27.1%) 23.0% (16.4%, 29.6%) 28.6% (21.2%, 36.0%)
Proportion High BP in Family (56.2% (95% CI:
53.2%, 59.2%))
54.8% (50.8%, 58.8%) 52.4% (45.2%, 59.6%) 59.5% (51.8%, 67.2%) 60.0% (52.0%, 68.0%)
Proportion High Chol in Family (41.9% (95% CI:
38.9%, 44.9%))
41.3% (37.3%, 45.3%) 43.6% (36.5%, 50.7%) 41.7% (33.9%, 49.5%) 43.0% (34.9%, 51.1%)
Proportion Smoker in Family (47.8% (95% CI:
44.8%, 50.8%))
46.9% (42.9%, 50.9%) 52.3% (45.1%, 59.5%) 50.8% (42.9%, 58.7%) 42.9% (34.8%, 51.0%)
Proportion Mother Obese (17.8% (95% CI: 15.5%,
20.1%))
12.6% (9.9%, 15.3%) 30.1% (23.5%, 36.7%)* 18.0% (12.0%, 24.0%) 23.1% (16.2%, 30.0%)*
Proportion Father Obese (26.1% (95% CI: 23.5%,
28.7%))
23.2% (19.8%, 26.6%) 34.4% (27.6%, 41.2%)* 23.3% (16.6%, 30.0%) 30.9% (23.4%, 38.4%)
Proportion having Vaccination (47.9% (95% CI:
44.9%, 50.9%))
50.3% (46.3%, 54.3%) 38.9% (31.9%, 45.9%) 45.8% (38.0%, 53.6%) 52.1% (43.9%, 60.3%)
Proportion FSM Eligible (25.9% (95% CI: 23.3%,
28.5%))
22.6% (19.2%, 26.0%) 31.9% (25.2%, 38.6%) 25.6% (18.7%, 32.5%) 31.0% (23.4%, 38.6%)
Proportion Achieve KS1 Test (83.9% (95% CI:
81.7%, 86.1%))
88.7% (86.1%, 91.3%) 80.6% (74.9%, 86.3%) 80.0% (73.7%, 86.3%) 76.1% (69.1%, 83.1%)
Proportion Achive KS2 Test (81.9% (95% CI:
79.6%, 84.2%))
84.5% (81.6%, 87.4%) 83.2% (77.8%, 88.6%) 75.0% (68.2%, 81.8%) 76.0% (69.0%, 83.0%)
Proportion Achive KS3 Test (78.4% (95% CI:
75.9%, 80.9%))
79.9% (76.7%, 83.1%) 75.9% (69.7%, 82.1%) 77.8% (71.3%, 84.3%) 74.1% (66.9%, 81.3%)
Proportion Large Gest (21.7% (95% CI: 19.2%,
24.1%))
20.6% (17.3%, 23.9%) 21.0% (15.1%, 26.9%) 24.5% (17.7%, 31.3%) 23.9% (16.9%, 30.9%)
Proportion Large 6 m – 12 m (19.3% (95% CI:
16.9%, 21.7%))
13.6% (10.8%, 16.4%) 32.2% (25.5%, 38.9%)* 21.6%(15.1%, 28.1%) 23.4% (16.5%, 30.3%)*
Proportion Large 12 m – 5 y (14.0% (95% CI:
11.9%, 16.1%))
7.4% (5.3%, 9.5%) 23.0% (16.9%, 29.1%)* 10.3% (5.5%, 15.1%) 33.8% (26.1%, 41.5%)*
Proportion High BP (11.1% (95% CI: 9.2%,13.0%)) 8.7% (6.4%, 11.0%) 16.5% (11.2%, 21.8%)* 8.1% (3.8%, 12.4%) 16.4% (10.4%, 22.4%)
Proportion High Cholesterol (13.0% (95% CI:
11.0%, 15.0%))
11.3% (8.7%,13.9%) 12.6% (7.8%, 17.4%) 11.0% (6.1%, 15.9%) 21.8% (15.1%, 28.5%)
Mean Triglyceride level (0.8 (95% CI: 0.3, 1.2)) 0.7 (0.4, 1.0) 0.8 (0.4, 1.2) 0.7 (0.4, 1.0) 1.0 (0.3, 1.8)
Proportion High Chol: HDL Ratio (4.5% (95% CI:
3.3%, 5.7%))
1.3% (0.4%, 2.2%) 7.6% (3.8%, 11.4%)* 3.1% (0.4%, 5.8%) 15.2% (9.3%, 21.1%)*
Proportion High Glucose (3.7% (95% CI:
2.6%, 4.8%))
2.6% (1.3%, 3.9%) 7.1% (3.4%, 10.8%) 3.6% (0.7%, 6.5%) 3.5% (0.5%, 6.5%)
Mean Fasting Insulin (10.2 (95% CI: 2.3, 18.1)) 8.3 ( 2.7, 13. 9) 13.5 (3.5 23.6) 9.1 (1.3, 16.8 14.2 (5.0, 23.5)
Mean CRP (1.2 (95% CI: −0.95, 3.4)) 1.1 ( −1.4, 3.5) 1.5 (−0.3, 3.6) 1.0 (−0. 6, 2.5) 1.5 (−0.1, 3.0)
Mean Adiponectin (3887 (95% CI: 1528, 6247)) 4,030 (1,578, 6,483) 3,460 (1,451, 5,469) 4,296 (2,010, 6,582) 3,498 (1,134, 5,862)
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Table 2 Demographic characteristics of groups stratified according to fitness and weight category (Continued)
Proportion with Asthma (10.0% (95% CI: 8.2%,
11.8%))
8.4% (6.2%, 10.6%) 10.8% (6.3%, 15.3%) 9.7% (5.0%, 14.4%) 16.0% (10.0%, 22.0%)
Proportion Infection (21.7% (95% CI: 19.2%,
24.2%))
21.0% (17.7%, 24.3%) 18.9% (13.3%, 24.5%) 21.9% (15.4%, 28.4%) 27.8% (20.5%, 35.1%)
Proportion Tonsillitis (21.1% (95% CI: 18.7%,
23.5%))
21.0% (17.7%, 24.3%) 23.8% (17.7%, 29.9%) 20.6% (14.2%, 27.0%) 18.8% (12.4%, 25.2%)
Median Visit GP (44 (IQR: 41)) 44 (39) 44 (47.75) 44 (45.75) 44 (35.25)
Median Visit Out-patients (1 (IQR: 4)) 1 (4) 1 (4) 1 (3) 1 (4)
Median Visit In-patients (1 (IQR: 1)) 1 (1) 1 (1) 1 (2) 1 (2)
Median Visit AE Major (0 (IQR: 0)) 0 (0) 0 (0) 0 (0) 0 (1)
Median Visit AE Minor (0 (IQR:) 0 (0) 0 (0) 0 (0) 0 (0)
*Significantly different from the Fit/recommended weight category (p < 0.05).
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come overcrowded and it was hard to use the facilities.
“There’s nothing really to do in our area so you have
to travel” – boy
Self confidence/competence
There was a lack of basic skills, such as swimming or
riding a bike, and consequently a heightened sense of
the danger involved with some sports. This lead to
worries about safety of the sports. Combining this
lack of competence of basic sporting skills with theTable 3 Cluster analysis based on fitness and weight catergor
Variables Total Population Low risk (77.48%)
N = 1,070 Homogeneity = 0.675 N = 82
Obese 17.5% (180/1,028) 14.6% (120/824)
Unfit 36.4% (299/822) 32.3% (219/678)
Triglyceride 0.77 0.73
CRP 1.23 1.17
Fasting Insulin 10.20 9.68
Adiponectin 3,887.38 3,882.20
High BP 11.1% (111/1,003) 8.6% (70/811)
High Chol 16.4% (114/877) 10.9% (90/825)
High Chol:HDL Ratio 4.5% (32/708) 3.3% (22/670)
High Glucose 3.7% (29/791) 3.0% (22/744)
Asthma 10.0% (107/1,070) 9.2% (76/829)
Infection 21.7% (232/1,070) 21.1% (175/829)
Tonsillitis 21.1% (226/1,070) 19.2% (159/829)
KS1 Test 83.9% 88.7%
KS2 Test 81.9% 84.5%
KS3 Test 78.3% 80.2%
Visit Out 3.47 3.07
Visit In 1.18 0.90
Visit GP 49.80 47.84prominent issue of self-image during teenage years
gave a lack of self-confidence with sports all together.
In addition, with activity generally not being the norm
amongst the teenagers, there was also an embarrass-
ment factor if you were deemed to be doing an activ-
ity out of the ordinary.
“I can’t ride a bike…I fell off it like a couple of
months ago and I won’t ride a bike since” – girl“It’s like if you’re starting and if you like mess up, they
all just like laugh at you” - boyies
Invisible at risk (16.36%) Visibly at risk (6.17%)
9 Homogeneity = 0.698 N = 175 Homogeneity = 0.541 N = 66
21.6% (33/153) 52.9% (27/51)
50.9% (54/106) 68.4% (26/38)
1.37 1.15
2.07 2.03
18.69 16.31
3,832.58 4,063.90
21.2% (31/146) 21.7% (10/46)
58.3% (14/24) 35.7% (10/28)
25.0% (3/12) 26.9% (7/26)
12.5% (3/24) 17.4% (4/23)
1.7% (3/175) 42.4% (28/66)
4.0% (7/175) 75.8% (50/66)
16.0% (28/175) 59.1% (39/66)
74.8% 55.6%
74.8% 64.9%
62.5% 76.9%
4.03 7.00
1.61 3.50
29.51 79.75
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was like, ‘oh my God I really need to stop” but I can’t
because everyone’s looking” – girl.
Parental support
Parental influence tended to play a major role; for
money for activities, transport to activities, simply ac-
ceptance and providing consent to participate in the ac-
tivity. Some parents reportly had reservations about the
safety of activities or even about the safety of getting to
and from the activity itself, whereas others just don't see
physical activity as an effective use of time or money.
Apathy
Some of the children simply were not intrested in activ-
ity. Interviews with the teachers suggested there was a
cyclical generational barrier being passed on from par-
ents to children, so parent's potentially negative percep-
tions of sport and physical activity are being instilled in
their children. Thus, not participating in sport or activity
was seen as the norm for the young people and their
families.
“I think what tends to happen is you have generation
after generation, people growing up and staying the
same place so the problems these children are facing
were faced by their parents and their grandparents so
they won’t be encouraging them to go and do
anything, other than football, because that is what
they (the parents) did” – teacher.
Discussion
This study shows that being unfit in early adolescence
(11–13 years) is associated with being deprived, being a
girl, having obesity in the family, and not achieving in
education. Education has a strong effect and female gen-
der has an an important effect in non-deprived areas.
A group of children can be identified who could be
called a ‘invisibly at risk group’ who are not obese but
are unfit. These children do have high risk markers for
high blood pressure, high cholesterol, high fasting glu-
cose, high CRP and fasting insulin, all factors which can-
not be easily measured but could be predicted from
fitness tests. In addition, these children are not achieving
as well as average in school and this is progressive with
only 62% achieving the recommended standard at age 14
(Key Stage 3). This suggests they may have health prob-
lems in the future and poor career prospects.
Qualitative findings suggest that not only is the cost of
the actual activity a problem for deprived children, but
they have to pay more than affluent children as activities
are located in affluent areas so deprived children need to
also get transport to the activities, then need to over-
come barriers from parents and peers who have anegative view of being active and they start with a low
level of basic skills.
Several studies [31-34] have shown a positive relation-
ship between increased physical fitness levels and aca-
demic achievement. It has previously been shown that
participation in activities improves academic achieve-
ment [34] and in fact physical fitness is a better pre-
dictor of academic achievement than obesity [35]. This
may be because of direct effects such as, sports partici-
pation may improve numeracy [36] or indirect effect
such as an activities offering an improved friendship and
social network base. However, our findings showed a
temporal relationship that not achieving academically,
especially for deprived children and for boys, is a very
strong predictor of being unfit in the future. Possibly
academic achievement influences up take of public
health messages, so children not doing well academically
may then be high risk for ill health. However, this find-
ing may also suggest that individuals who do not have
support with their homework also do not have support
to be active or healthy. Perhaps fitness can be used to
highlight children where parenting skills and support
(engaging with child including doing homework, talking,
being active as a family) may improve the future for spe-
cific children [37] and academic achievement can be
used to highlight those children who need extra inter-
ventions for health promoting behaviours. This study
finds that children who are unfit are more likely to at-
tend a school in a deprived catchment area. These
schools would be ideal settings to implement interven-
tions targeting adolescent health. For example, a number
of strategies encompassing physical education, class
room activities, extra-curricular sports and active trans-
portation have been shown to be effective in increasing
activity [38]. Leading on from the qualitative findings of
this study, strategies need to include community wide
campaigns introducing social support of physical activity,
creation of improved access to places for activity and
improved land use in existing deprived areas [38].
Limitations
This study can only look at the children who took part
in the fitness assessment. Although we did not find a dif-
ference between the sampled children and the class aver-
age fitness taken from the physical activity lessons, it is
likely that non-participants may differ in characteristics
such as ethnicity, obesity and family behaviours, which
will mean that some of the associations identified in this
study may be underestimated. We had an overall partici-
pant rate of 38% and given this study involved blood test
in children aged 11–13 this was better than we expected.
However, the lower participation was predominantly in
the deprived and high ethnic minority schools suggesting
the findings from this study may be an underestimate.
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ally at ages 7 and 11 (Key Stages 1 and 2) were more
likely to be un-fit at ages 11–13, but we know nothing
about fitness levels in these children prior to them sit-
ting their Key Stage tests. Thus we cannot comment on
any cause-effect process in this relationship. Similarly we
cannot comment on any temporal effect between fitness
and health outcomes. Future studies should perform ser-
ial measure of fitness starting in early childhood to begin
to establish the direction of causality between fitness
and academic achievement.
Finally, we only present findings on interviews with chil-
dren in a deprived school. We have previously published
on focus group interviews with affluent and deprived chil-
dren [39] but wanted to focus only on the barriers to ac-
tivity among deprived children within this study in order
to give context to the quantitative findings.
Conclusion
This study found that girls, deprived children, those with
obese parents and not achieving in education were more
likely to be unfit. Achievement in education was the
major factor among deprived children and female gender
was the main factor among non-deprived children. Un-
fitness among non-overweight children could be used to
highlight those individuals who are likely to have high
cholesterol, high glucose and fasting insulin levels. Inter-
ventions need to focus on community change including
improved access to activity in deprived areas, targeting
parental support for being active and building compe-
tence and confidence in undertaking activity.
Abbreviations
20MSFT: 20 metre multi stage fitness test; BMI: Body mass index; BP: Blood
pressure; CRP: C-reactive protein; GP: General practitioner; IOTF: International
obesity task force; IDF: International Diabetes Federation; IM: Intelligent
miner; Chol: Cholesterol; FSM: Free school meal; KS1/KS2: Key stage 1/Key
stage 2 (educational achievement tests); Gest Age: Gestational age.
Competing interests
The authors declare that they have no competing interests.
Authors’ contribution
Design and planning of study RC, SB, MG AR, GK. Data collection AR, GK, SB,
MAR, DC,RH. Analysis RC, SB, MG, DC, RH, MAR. Interpretation GS, JB, KJ, SB,
MG, RC. Draft of manuscript RC, SB, MG, DC. All authors read and approved
the final manuscript.
Acknowledgements and funding
This study was funded by a studentship from the Economic and Social
Research Council and from grant funding from the Welsh Assembly
Government (H7-3-016). The funder had no role in study design,
interpretation of data, writing of the report, or decision to submit. We would
like to thank the schools and pupils who gave their time to help with this
research.
Author details
1College of Medicine, Swansea University, Swansea SA2 8PP, UK. 2School of
Sport, University of Wales Institute Cardiff, Cardiff CF23 6XD, UK. 3Applied
Sport Science University of West of England (Hartpury College), Gloucester,
England. 4College of Health and Human Sciences, Swansea University,Swansea, SA2 9PP, UK. 5Institute of Clinical Exercise and Health Science,
School of Science, University of the West of Scotland, Hamilton, Lanarkshire
ML3 OJB, Scotland. 6College of Engineering, Swansea University, Swansea
SA2 8PP, UK.
Received: 8 July 2013 Accepted: 10 July 2014
Published: 29 July 2014
References
1. Reilly JJ, Jackson DM, Montgomery C, Kelly LA, Slater C, Grant S, Paton JY:
Total energy expenditure and physical activity in young Scottish
children: mixed longitudinal study. Lancet 2004, 363(9404):211–212.
2. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT: Effect of
physical inactivity on major non-communicable diseases worldwide:
an analysis of burden of disease and life expectancy. Lancet 2012,
380(9838):219–229.
3. Telama R: Tracking of physical activity from childhood to adulthood: a
review. Obes Facts 2009, 2(3):187–195.
4. Kelder SH, Perry CL, Klepp KI, Lytle LL: Longitudinal tracking of adolescent
smoking, physical activity, and food choice behaviors. Am J Public Health
1994, 84(7):1121–1126.
5. Merrick J, Morad M, Halperin I, Kandel I: Physical fitness and adolescence.
Int J Adolesc Med Health 2005, 17(1):89–91.
6. Tomkinson GR, Leger LA, Olds TS, Cazorla G: Secular trends in the
performance of children and adolescents (1980–2000): an analysis of
55 studies of the 20 m shuttle run test in 11 countries. Sports Med
2003, 33(4):285–300.
7. Brophy S, Rees A, Knox G, Baker J, Thomas NE: Child Fitness and
Father’s BMI Are Important Factors in Childhood Obesity: A School
Based Cross-Sectional Study. PLoS One 2012, 7(5):e36597.
8. Tomkinson GR, Olds TS, Kang SJ, Kim DY: Secular trends in the aerobic
fitness test performance and body mass index of Korean children and
adolescents (1968–2000). Int J Sports Med 2007, 28(4):314–320.
9. Aires L, Pratt M, Lobelo F, Santos RM, Santos MP, Mota J: Associations of
cardiorespiratory fitness in children and adolescents with physical
activity, active commuting to school, and screen time. J Phys Act Health
2011, 8(Suppl 2):S198–S205.
10. Dencker M, Thorsson O, Karlsson MK, Linden C, Wollmer P, Andersen LB:
Aerobic fitness related to cardiovascular risk factors in young children.
Eur J Pediatr 2012, 171(4):705–710.
11. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U: Global
physical activity levels: surveillance progress, pitfalls, and prospects.
Lancet 2012, 380(9838):247–257.
12. Lammle L, Worth A, Bos K: Socio-demographic correlates of physical
activity and physical fitness in German children and adolescents. Eur J
Public Health 2012, 22(6):880–884.
13. Biddle SJ, Gorely T, Marshall SJ, Murdey I, Cameron N: Physical activity and
sedentary behaviours in youth: issues and controversies. J R Soc Promot
Health 2004, 124(1):29–33.
14. Kwan MY, Cairney J, Faulkner GE, Pullenayegum EE: Physical activity and
other health-risk behaviors during the transition into early adulthood: a
longitudinal cohort study. Am J Prev Med 2012, 42(1):14–20.
15. Department for Transport: Transport Trends. London: TSO Publications; 2006.
16. Reilly JJ, Penpraze V, Hislop J, Davies G, Grant S, Paton JY: Objective
measurement of physical activity and sedentary behaviour: review with
new data. Arch Dis Child 2008, 93(7):614–9.
17. Ortega FB, Lee DC, Katzmarzyk PT, Ruiz JR, Sui X, Church TS, Blair SN: The
intriguing metabolically healthy but obese phenotype: cardiovascular
prognosis and role of fitness. Eur Heart J 2013, 34(5):389–397.
18. Rees A, Thomas N, Brophy S, Knox G, Williams R: Cross sectional study of
childhood obesity and prevalence of risk factors for cardiovascular disease
and diabetes in children aged 11–13. BMC Public Health 2009, 9:86.
19. Leger LA, Mercier D, Gadoury C, Lambert J: The multistage 20 metre
shuttle run test for aerobic fitness. J Sports Sci 1988, 6(2):93–101.
20. Riddoch C, Northern Ireland Health and Fitness Survey −1989: The fitness,
physical activity, attitudes and lifestyles of Northern Ireland post-primary
schoolchildren. Belfast: Sports Council for Northern Ireland and Departments
of Health and Social Services; 1990.
21. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard definition
for child overweight and obesity worldwide: international survey. BMJ
2000, 320(7244):1240–1243.
Charlton et al. BMC Public Health 2014, 14:764 Page 10 of 10
http://www.biomedcentral.com/1471-2458/14/76422. Goodman E, Daniels SR, Morrison JA, Huang B, Dolan LM: Contrasting
prevalence of and demographic disparities in the World Health
Organization and National Cholesterol Education Program Adult
Treatment Panel III definitions of metabolic syndrome among
adolescents. J Pediatr 2004, 145(4):445–451.
23. Zimmet P, Alberti G, Kaufman F, Tajima N, Silink M, Arslanian S, Wong G,
Bennett P, Shaw J, Caprio S, International Diabetes Federation Task Force on
Epidemiology and Prevention of Diabetes: The metabolic syndrome in
children and adolescents. Lancet 2007, 369(9579):2059–2061.
24. Suttleworth I: The relationship between social deprivation, as measured
by individual free school meal eligibility, and educational attainment in
GCSE in Norther Ireland: a preliminary investigation. British Educational
Research Journal 1995, 21:487–504.
25. Howarth S: National Assembly for Wales. In Figures. Child Poverity Paper
number 08/045: 2008. http://www.assemblywales.org/08-045.pdf. Publisher:
National Assembly for Wales. Cardiff.
26. Stats Wales: http://wales.gov.uk/topics/statistics/theme/wimd/?lang=en,
Accessed April 2013.
27. Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, Wong G,
Bennett P, Shaw J, Caprio S, IDF Consensus Group: The metabolic
syndrome in children and adolescents - an IDF consensus report. Pediatr
Diabetes 2007, 8(5):299–306.
28. Shaw JE, Zimmet PZ, Alberti KG: Point: impaired fasting glucose: The case
for the new American Diabetes Association criterion. Diabetes Care 2006,
29(5):1170–1172.
29. Lyons RA, Jones KH, John G, Brooks CJ, Verplancke JP, Ford DV, Leake K: The
SAIL databank: linking multiple health and social care datasets. BMC Med
Inform Decis Mak 2009, 9:3.
30. Ford DV, Jones KH, Verplancke JP, Lyons RA, John G, Brown G, Brooks C,
Thompson S, Bodger O, Couch T, Leake K: The SAIL Databank: building a
national architecture for e-health research and evaluation. BMC Health
Serv Res 2009, 9:157.
31. Castelli DM, Hillman CH, Buck SM, Erwin HE: Physical fitness and academic
achievement in third- and fifth-grade students. J Sport Exerc Psychol 2007,
29(2):239–252.
32. Donnelly JE KL: Classroom-based physical activity, cognition, and
academic achievement. Prev Med 2011, 52(1):S36–S42.
33. Kwak L, Kremers SP, Bergman P, Ruiz JR, Rizzo NS, Sjöström M: Associations
between physical activity, fitness, and academic achievement. J Pediatr
2009, 155(6):914–918.
34. Singh A, Uijtdewilligen L, Twisk JW, van Mechelen W, Chinapaw MJ:
Physical activity and performance at school: a systematic review of the
literature including a methodological quality assessment. Arch Pediatr
Adolesc Med 2012, 166(1):49–55.
35. London RA, Castrechini S: A longitudinal examination of the link
between youth phyical fitness and academic achievement. J Sch
Health 2011, 81(7):400–408.
36. Telford RD, Cunninghman RB: R. F. Physical education, obesity and
academic achievement: a 2 year longitudinal investigation of Australian
elementary school children. Am J Public Health 2012, 102(2):368–374.
37. Hollar D, Lombardo M, Lopez-Mitnik G: Effective multi-level, multi-sector,
school-based obesity prevention programming improves weight, blood
pressure, and academic performance, especially among low income,
minority children. J Health Care Poor Underserved 2010, 21(2):93–108.
38. Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen N, Goenka S,
Montes F, Brownson RC: Evidence-based intervention in physical activity:
lessons from around the world. Lancet 2012, 380(9838):272–281.
39. Brophy S, Crowley A, Mistry R, Hill R, Choudhury S, Thomas NE, Rapport F:
Recommendations to improve physical activity among teenagers–a
qualitative study with ethnic minority and European teenagers. BMC Public
Health 2011, 11:412.
doi:10.1186/1471-2458-14-764
Cite this article as: Charlton et al.: Factors associated with low fitness in
adolescents – A mixed methods study. BMC Public Health 2014 14:764.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
